INTRODUCTION
Influenza A viruses contain eight single stranded RNA segments (1-4) each of which encodes at least one polypeptide (5) (6) (7) (8) (9) (10) The genome of these viruses has been shown to undergo continuous variation for which several mechanisms have been identified. These include reassortment among the genes of human influenza viruses, reassortment involving animal influenza virus strains (11, 12, 13) and sequential mutation in individual genes of viruses of the same subtype (14) . Until recently, direct comparison of influenza virus gene sequences was limited to RNA-RNA hybridization and oligonucleotide mapping techniques. With the availability of rapid DNA cloning and sequencing techniques, the absolute differences among the genes of different viruses can be examined and the extent of variation determined. Furthermore, one can use comparative nucleotide sequence analysis to determine the structural basis for gene expression, regulation and packaging. Within the last year, the nucleotide sequences of several hemagglutinin genes (15) (16) (17) (18) (19) (20) and one matrix protein gene (21) have been reported and most recently the nucleotide sequences of the nonstructural (NS) protein genes obtained from two different influenza viruses, one avian isolate, A/FPV/Rostock/ 34 (HavlNl) (FPV), and one human isolate, A/Udorn/72 (H3N2) (Udorn), have been reported (22, 23) . Results from the analyses of these NS gene sequences are consistent with previous genetic studies (9, 10, 24, 25) which showed that the NS gene codes for two overlapping polypeptides. Lamb and Lai (23) also showed that the NS2 polypeptide is most likely translated from a spliced mRNA whose intervening sequence is contained in the coding region of the NS1 gene.
We report here the complete nucleotide sequence of the NS gene obtained from a third strain, A/PR/8/34 (H0N1) (PR8), a human isolate. We find that the NS gene of the PR8 virus has a nucleotide sequence which is consistent with the coding capacity and structural organization reported for the FPV (22) and Udorn (23) virus NS genes. In comparing the PR8 NS gene to that of the FPV and Udorn viruses we observe greater than 84% homology among the nucleotide and amino acid sequences of all three genes. This last observation is in contrast to previous findings based on RNA-RNA hybridization which places the NS gene of the PR8 virus and those of other human influenza viruses in a different homology group from that of the NS gene of the FPV virus (26) .
MATERIALS AND METHODS

Virus
The human influenza virus A/PR/8/34 (H0N1) was grown in embryonated hen's eggs. Virus purification and RNA extraction have been described (27) .
Bacterial strains E. coli strains DP50/supF and C600 were used to propagate recombinant X phage and plasmid pBR322 respectively.
Cloning into XgtWES-XB Double stranded cDNA transcripts of the PR8 viral RNAs were prepared as described (28) Nucleotide sequence data were stored, edited and analyzed in a DEC PDP11/45 digital computer using published programs (43, 44, 45).
RESULTS
Initial attempts to clone the NS gene of the PR8 virus resulted in clones which contained inserts less than 550 base pairs long and could not be representative of the entire NS gene. One of these clones, pAR109, was used for further analysis. Subsequently, a second approach using the synthetic primer d(AGTAGAAACAAG) which is complementary to the 3 1 terminal sequences of full length positive strand cDNA (29, 30, 31) resulted in NS gene specific clones with DNA inserts of more than 800 base pairs. The NS gene specific DNAs from one of the latter clones (pJZlOl) and from pARlO9 were screened with several restriction endonucleases and restriction maps were constructed. DNA sequencing of the ends of these clones and comparison to direct RNA sequencing of the PR8 virus NS gene (29, 30, 31) showed that the pAR109 insert is 530 base pairs long and lacks the first 23 residues found at the 3 1 terminus of the NS gene vRNA. The pJZlOl insert was found to be identical to the 5 1 end of the NS vRNA and it extends 843 residues to the internal Hindlll site at a position 47 nucleotides from the 3' end of the vRNA. The strategy used to determine the nucleic acid sequence of the PR8 virus NS gene is shown in figure 1 and the complete nucleotide sequence and predicted amino acid sequences of the viral polypeptides are presented in figure 2 . The first initiation codon in the PR8 virus NS gene is found at positions 27 to 29 and The NS gene sequence and predicted amino acid sequences of the PR8 virus are compared to those of the FPV (22) and Udorn (23) viruses in figure 2. The PR8 virus NS gene is 890 nucleotides long and is the same length as that found for the FPV and Udorn virus NS genes. Table 1 lists the percentage of single base differences among the nucleotide sequences of these three genes while table 2 presents the differences deduced for their amino acid sequences.
DISCUSSION
Examination of the complete sequence reveals that the PR8 virus NS gene is 890 nucleotides long and may code for at least two polypeptides. The structural organization of the NS1 and NS2 genes within the smallest RNA segment of the PR8 virus genome is consistent with the model proposed by Lamb and Lai (23) for that of the Udorn virus NS gene. This model predicts that the mRNA of the PR8 virus NS2 gene may derive from a splicing event which excises sequences that encode a portion of the NS1 gene.
In a study by another group, the sequence of the 3' terminal portion of the PR8 virus NS gene has been determined by chain termination sequencing using a synthetic oligonucleotide to prime cDNA synthesis (46, 47). Among the 126 nucleotides that were reported, there are six differences relative to the PR8 NS gene sequence presented here and these base substitutions would result in two amino acid changes. Clonal variation might The lengths of the NS gene9, NS1 coding regions and NS2 coding regions are 890, 690 and 363 nucleotides, respectively. The differences reported for the NS1 coding regions were calculated only for the "common 11 690 nucleotides. It should be noted, however, that the Udorn virus NS1 coding region is 21 nucleotides longer than those of the PR8 and FPV viruses. c o_ CD Table 2 . 
DIFFERENCES IN AMINO ACID SEQUENCES AMONG THE NS POLYPEPTIDES OF THREE
3)
The lengths of the NS1 and NS2 polypeptides a,re 230 and 121 amino acids respectively. The differences reported for the NS1 polypeptides were calculated with respect to the "common" 230 amino acid region. It should be noted, however, that the Udorn virus NS1 polypeptide is seven amino acids longer than those of the PR8 and FPV viruses. explain the 5% difference between the two PR8 gene sequences; however, in a study that compared the nucleotide sequences of two hemagglutinin genes derived from viruses isolated three years apart, a difference of only 3% was noted (16) .
We have compared the complete nucleotide sequences derived from the NS genes of the FPV, PR8 and Udorn viruses and find that all three NS genes are 890 residues long. The small number of differences observed among these NS genes clearly demonstrates that they are closely related and could have derived from a common ancestral gene. A comparison between the NS genes of the PR8 and FPV viruses shows an 8% difference resulting from single base changes. The comparison between the NS genes of the PR8 and Udorn viruses shows a slightly greater difference of of 8.9% (see table 1 ). It appears from this observation that the PR8 virus NS gene is more closely related to the FPV NS gene than to the Udorn NS gene. This is in contrast to previous findings based on RNA-RNA hybridization analysis which showed that the PR8 NS gene is in a homology group distinct from that of the FPV virus (26) . The suggestion that RNA-RNA hybridization analysis can be used to group the NS genes of human and avian influenza viruses into species specific homology groups is thus not supported by the available nucleotide sequence data. However, sequencing data from additional human and avian influenza virus strains will be necessary to resolve this point.
We have also compared the amino acid sequences deduced from the three NS gene sequences. The NS1 polypeptides of the human strain PR8 and the avian strain FPV are of equal length (230 amino acids) whereas that of the other human strain Udorn is seven amino acids longer. The NS2 polypeptides of all three strains appear to have the same length of 121 amino acids. The observation that the NS2 polypeptides show fewer amino acid differences (6% to 8%) than do the NS1 polypeptides (10% to 15%) may indicate that the NS2 portions of the NS gene are more faithfully conserved (see table 2 ).
It is interesting to note that the negative strands of the three NS genes have an initiation codon at a position 98 residues from their 5' ends and an open reading frame that extends to residue 598 in the NS genes of the PR8 and FPV viruses and to residue 745 in the NS gene of the Udorn virus. A polypeptide of 167 amino acids would be predicted for the negative strand of the PR8 and FPV virus NS genes and a polypeptide of 216 amino acids can be predicted for that of the Udorn virus NS gene. The absence of termination codons for such a long distance is unexpected, since the probability of finding an open reading frame of 167 or 216 amino acids is 0.0003 and 0.00003, respectively. (This calculation is based on the random appearance of three termination codons out of the 64 possible triplets.) Conversely, 7-12 termination codons are found in each of the remaining reading frames over the corresponding area of the FPV and PR8 NS genes and similarly 11 and 14 termination codons are observed in the two remaining reading frames of the Udorn NS gene. The significance of the "agnogene" sequences (48) in the influenza virus NS genes is not known but merits further investigation.
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